Purdue University

Purdue e-Pubs
Open Access Theses

Theses and Dissertations

Summer 2014

State-level analysis of variation in infant mortality
rate: A socio-ecological approach
Nicole M. Sobiech
Purdue University

Follow this and additional works at: https://docs.lib.purdue.edu/open_access_theses
Part of the Public Health Commons
Recommended Citation
Sobiech, Nicole M., "State-level analysis of variation in infant mortality rate: A socio-ecological approach" (2014). Open Access Theses.
687.
https://docs.lib.purdue.edu/open_access_theses/687

This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.

Graduate School ETD Form 9
(Revised/)

PURDUE UNIVERSITY
GRADUATE SCHOOL
Thesis/Dissertation Acceptance
This is to certify that the thesis/dissertation prepared
By Nicole Sobiech
Entitled

State-Level Analysis of Variation in Infant Mortality Rate: A Socio-Ecological Approach
Master of Public Health
Is approved by the final examining committee:

Gerald Hyner
David Klenosky
Thomas Templin
Eric Dietz
To the best of my knowledge and as understood by the student in the 7KHVLV'LVVHUWDWLRQ$JUHHPHQW
3XEOLFDWLRQ'HOD\DQGCHUWLILFDWLRQDisclaimer (Graduate School Form ), this thesis/dissertation
DGKHUHVWRWKHSURYLVLRQVRIPurdue University’s “Policy on Integrity in Research” and the use of
copyrighted material.

Hyner
Approved by Major Professor(s): Gerald
____________________________________
____________________________________
Approved by: David Klenosky
Head of the 'HSDUWPHQWGraduate Program

July 21 2014
Date

STATE-LEVEL ANALYSIS OF VARIATION IN INFANT MORTALITY RATE: A SOCIO - ECOLOGICAL
APPROACH

A Thesis
Submitted to the Faculty
of
Purdue University
by
Nicole M. Sobiech

In Partial Fulfillment of the
Requirements for the Degree
of
Master of Public Health

August 2014
Purdue University
West Lafayette, Indiana

ii

ACKNOWLEDGMENTS

This thesis was made possible through the support, guidance, patience and contribution of my
advisor, Dr. Gerald Hyner and Dr. Bruce Craig and Zhaonan Sun for their statistical support.
I would also like to thank my committee members, Dr. Eric Dietz, Dr. David Klenosky, and Dr.
Thomas Templin for their support and valuable advice.

iii

TABLE OF CONTENTS

Page
LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv
LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v
ABSTRACT. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi
CHAPTER 1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 Theoretical Model. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.1.1 Public Policy Dimension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.1.2 Institutional and Community Dimension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.1.3 Interpersonal Dimension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.1.4 Individual Dimension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.2 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.2.1 Race/Ethnicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.2.2 Education/Age . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1.2.3 Household Income/Income Inequality/Poverty . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
1.2.4 Obesity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
1.2.5 Smoking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
CHAPTER 2. METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.1 Framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.1.1 Independent Variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.1.2 Dependent Variable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
2.2 Statistical Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20
CHAPTER 3. RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.1 All Fifty States and District of Columbia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.2 Comparison between Lowest and Highest Fifteen States . . . . . . . . . . . . . . . . . . . . . . . . 27
3.3 Lowest Fifteen Infant Mortality States . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
3.4 Highest Fifteen Infant Mortality States . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
CHAPTER 4. DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
CHAPTER 5. LIMITATIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
CHAPTER 6. CONCLUSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
BIBLIOGRAPHY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
APPENDIX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

iv

LIST OF TABLES

Table
Page
Table 1: Description of Independent and Dependent Variables . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Table 2: Correlation and Descriptive Statistics of Independent and Dependent Variables . . . . . 22
Table 3: States with the Highest and Lowest Infant Mortality Rates . . . . . . . . . . . . . . . . . . . . . . . 23
Table 4: Variables included and Amount of Variance Explained for All 50 States . . . . . . . . . . . . .26
Table 5: Variables Included and Amount of Variance Explained for States with Low IMR . . . . . . 30
Table 6: Variables Included and Amount of Variance Explained for States with High IMR . . . . . 32
Table 7: Difference in Descriptive Statistics between States with Low and High IMR . . . . . . . . . 28

v

LIST OF FIGURES

Figure
Page
Figure 1: Socio-Ecological Model with Independent Variables . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7
Figure 2: Geographic Location of Fifteen States with Lowest and Highest Infant Mortality . . . . .48
Figure 3: Correlation between IMR and Percent of Population African American . . . . . . . . . . . . 49
Figure 4: Correlation between Infant Mortality Rate and Population Obesity . . . . . . . . . . . . . . . 50
Figure 5: Correlation between IMR and Percentage of Children in Poverty . . . . . . . . . . . . . . . . . .51
Figure 6: Correlation between IMR and Percentage of Births to Women under Age 20 . . . . . . . 52

vi

ABSTRACT

Sobiech, Nicole M., M.P.H. Purdue University, August 2014. State-Level Analysis of Variation in
Infant Mortality Rates: A Socio-Ecological Approach. Major Professor: Gerald C. Hyner.

Background: Infant mortality has been used as a predictor of population health, and was higher
in the United States compared to other developed countries. The rate of infant mortality varies
greatly at the State level, with infants born in southern States having an increase risk.
Methods: This paper investigates influential variables in all five dimensions of the socioecological model on State infant mortality in the U.S. Multiple regression analyses were
conducted to determine the amount of variance that could be explained between and at the
State level.
Results: The socio-ecological model explained 73% variation of State infant mortality in the U.S.
The fifteen States with the highest infant mortality rates were located in the South East half of
the country. The percentage of the population classified as African American, educational
attainment, the percent of children in poverty, the percent of the population classified as obese
and smoking and the percentage of births to unmarried women remained were statistically
significant. Institutional and community variables explained more variance than policy and
interpersonal and individual variables. States with higher infant mortality rates had higher
average percentages of the population classified as African American, children uninsured, and
children born to unmarried women. They also had a lower average of primary care physicians
per 100,000 populations.
Conclusion: The results suggest that interventions to reduce infant mortality should focus on
variables within the institutional and community dimensions of the socio-ecological model.
Access to primary care physicians and improved overall population health in a State could result
in a lowering of State infant mortality rates.
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CHAPTER 1. INTRODUCTION
Infant morbidity and mortality was commonly used to gauge the health status of a population
(Hirai et al, 2014, Hillemeier & Weisman & Chase & Dyer, 2007, Fry-Johnson & Levine & Rowley
& Agboto & Rust, 2007, Sparks & McLaughlin & Stokes, 2009). Infant mortality rates have been
used to compare the health status of countries as well as their social factors (Howell & Blondel,
1994). The Human Development Index (HDI) is a strong predictor of infant and maternal
mortality for individual countries (Lee & Park & Khoshnood & Hsieh & Mittendorf, 1997). The
HDI measures the development of a country by combining indicators of life expectancy,
educational attainment and income (Kaestner, 1999). Before HDI was created, per capita Gross
Domestic Product (pcGDP) was commonly used to predict the health status of a country’s
population. Chung et al calculated that pcGDP alone predicted between 70-64% of the variability
in infant and under the age of five mortality rates. However, when adding in political variables
models explained between 76-81% of the variability (Chung & Muntaner, 2006). The United
States continually ranks behind other Organization for Economic Co-operation and Development
countries and developed countries (Koenen & Lincoln & Appleton, 2006; Matteson & Burr &
Marshall, 1998; Ram 2011, Guadagno & Mackert & Rochlen, 2013; Hummer & Hernadez, 2013;
Goldenburg & Culhane & Iams & Romero, 2008; Voelker 2013; Kim & Saada, 2013). In 2008 the
United States had an infant mortality rate of 6.7 deaths per 1,000 live births, whereas other
comparable countries ranged from 2.5 -4.7 (Kim & Saada, 2013). Preterm births are a leading
cause of infant mortality in developed countries. European and other developed countries have
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about 5-9% of births born preterm whereas the United States has closer to 12-13% (Goldenburg
et al., 2008). This coupled with the fact that the US spends more money on healthcare per
capita than all other OECD nations’ suggests that numerous variables account for this disparity.
The United States spent 17.7% of GDP on healthcare in 2011, which is 8,508 US dollars per
capita. This was more than 2.5 times the average among OECD nations. It is important to
mention that in 2012 the United States was the number one country in the world for gross
domestic product, nearly doubling China the second highest country for GDP in the world
(World bank, 2013). Even with the high percentage of spending and high GDP, the United States
has fewer physicians per capita than most of the other OECD nations, fewer hospital beds,
shorter life expectancy at birth and a higher obesity rate (OCED, 2013). Although the United
States was one of the wealthiest and most developed countries in the world, a study comparing
34 countries discovered that the income inequality was highest in Brazil, South African, the
Russian Federation and the United States. (Moss, 2013) High income countries recognize the
importance of child and maternal well-being and therefore take actions to protect these
populations (Ray & Gornick & Schmitt, 2008). In 1993 the United States implemented limited
leave policies under the US Family and Medical Leave Act. Unfortunately, due to its tight
regulations approximately 60% of the workforce in the United States was eligible to take leave
and only 15% were offered full paid leave (Ray et al., 2008). Other highly developed countries
offered paid maternity that allowed pregnant mothers and soon-to-be fathers to receive
anywhere from 50% to 100% of their salaries. This was important because ten weeks of paid
maternity leave reduced infant mortality rates by 1-2%. The reduction increased at 20 and 30
weeks which lead to a 2-4% and 7-9% reduction respectively (Tanaka, 2005). Because the infant
mortality rate in the United States was a problem that required the attention of federal
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agencies, the Centers for Disease Control and Prevention made the reduction of infant mortality
a Healthy People’s 2020 goal along with other negative pregnancy outcomes. The United States’
Healthy People initiative provided health data for three decades. Each decade new objectives
were established to meet the vision of creating a society in which all people live long healthy
lives (Healthy People 2020, 2014). Infant mortality combines both neonatal deaths and post
neonatal deaths. Neonatal deaths are deaths that occur before 28 days of life and post-neonatal
include deaths after 28 days to 364 days. There are five main causes of infant death recognized
in the United States: low birth weight, preterm birth, maternal complications, congenital
abnormalities and Sudden Infant Death Syndrome (SIDS). Healthy People 2020 have objectives
to reduce three of these five causes, along with preterm and low birth weight births (Healthy
People 2020, 2014). In 2010 the U.S. reduced infant mortality by 6.9% from 1998 to 2006
(National Center for Health Statistics, 2012). Despite these efforts the 2010 objective to reduce
the infant mortality rate to 4.5 deaths per 1,000 births was not achieved. However, many States
within the US have managed to achieve this goal whereas others are still more than double the
expected rate.
Southern States have historically had higher infant mortality rates than States in other regions
of the US and have had excess infant deaths ranging from 0.62 in Kentucky to 3.83 excess deaths
per 1,000 births in Mississippi (Hirai et al, 2014; Ray et al., 2008). Preterm births and SIDS were
found to be the greatest causes of excess deaths. SIDS was calculated to be the cause of up to
90% and 76% of excess deaths in Kentucky and Arkansas, whereas excess early preterm births
explained up to 18% of excess deaths in Kentucky but only 8% in the overall region. African
American population percentage, teen birth rate and smoking during pregnancy remained
independently associated with State level infant mortality in 2001 and 2002 (Paul & Mackley &
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Locke & Stefano & Kroelinger, 2009). After standardizing rates, Paul et al. discovered that some
States that were typically very high, such as Mississippi fell within the 95% percentile for infant
mortality, whereas others such as Delaware that typically had high rates remained high and
others such as Vermont remained low (Paul et al., 2009).
The key to being competitive at an international level was to first address the on-going struggle
of infant and population health within each country. State comparisons of infant mortality can
also be difficult to conduct due to the lack of data comparing rates using States as the unit of
analysis. Fortunately, the representation of infant mortality attracted researchers from many
different fields of expertise to identify risk and protective factors within the United States.
Socioeconomic status of individuals has been associated with health status for centuries
(Wisdom & Berlin & Lapidus, 2005; Malloy & Eschbach, 2007). Children and infants are sensitive
to economic and political indicators and exhibit a short period of time between the change in
economic and political factors and its impact on children and infant health. Socio-economic
position is defined by an individual’s occupation, income, education, wealth and place of
residence. Maternal characteristics often cited for risk of preterm birth are maternal age,
socioeconomic status, educational attainment, marital status and access to health care services
(Sparks, 2009). These variables along with race and ethnicity, smoking status and obesity
appeared to be silent variables in most published research. Socio-economic position, population
demographics and behavior varied among States. The purpose of this research was to determine
the relationship between State infant mortality and unique characteristics of the States, which
might account for the mortality variability.
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1.1 Theoretical Model
The ecological model was developed as a framework to recognize the impact that contextual
forces such as environment influence an individual’s behavior and thus the outcome of their
health. In 1988 McLeroy, Bibeau, Steckler and Glanz suggested five dimensions which influence
health; individual factors, intrapersonal factors, institutional factors, community factors, and
public policy factors (Golden et al., 2012).

1.1.1 Public Policy Dimension
The public policy dimension investigates the influence that policies set by the federal, State or
county have on population norms and the influence it has on advocating towards individual
behavior. Federal poverty thresholds are set by each state to determine the income level
pregnant women must fall beneath to qualify for Medicaid. Medicaid is a form of government
insurance offered to those who are low income or cannot afford the costs of pregnancy.

1.1.2 Institutional and Community Dimension
The Institutional dimension considers the impact that the organizational environment which an
individual lives, works, goes to school or other places in which they spend time has on health.
For example this dimension would consider relationships between churches, schools and
businesses. As previously mentioned the CDC combines the institutional and community
dimensions due to their similarities. The community dimension would investigate the access to
certain institutions and its impact on health, or the characteristics of the surrounding area. If we
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revisit the example of prenatal care, women will be less likely to get prenatal care regardless of
the stance that her friends, spouse or family take if she does not have a primary care physician
near or simply does not have a way to get to prenatal appointments.

1.1.3 Interpersonal Dimension
The interpersonal dimension in the socio-ecological model investigates the influence that an
individual’s relationship would have on one’s health. For example, mothers who have been
abused by a significant other often are at an increased risk for negative birth outcomes. If a
women’s social group all have the same beliefs that prenatal care is essential during pregnancy
she will be more likely to participate in prenatal care if it is accessible.

1.1.4 Individual Dimension
The individual dimension includes behaviors, beliefs, and an individual’s knowledge or health
literacy. Certain infant characteristics such as race and ethnicity, birth weight, preterm births
and congenital abnormalities increase infant death. In most cases the infant’s mother plays the
most influential role in terms of the infant’s health status. It is more logical to consider the
behavior of the mother as the individual when applying the ecological model to infant mortality.
The mother’s behaviors, beliefs and knowledge regarding pregnancy and the caring for a child
has a significant impact on the health outcome of her infant.
All five dimensions of the socio-ecological model will be applied in this investigation as the
purpose of the study is to take a socio-ecological view of the differences of State infant mortality
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rates. Figure 1 illustrates the variables that are included in each dimension and the possible
influence they have on infant mortality. To gain further understanding of the most commonly
investigated factors that influence infant mortality, the literature was reviewed to determine
which variables should be included in the study.
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1.2 Literature Review
1.2.1 Race/Ethnicity
Non-Hispanic whites and Asian women have been found to have the most favorable sociodemographic and pregnancy behaviors (Sparks, 2009). Non-Hispanic Black women and Puerto
Rican women have the least favorable outcomes with the exception of Native American women
and infants, who are 2.73 times more likely to have an infant born preterm compared to nonHispanic white women (Sparks, 2009; Hummer et al., 2013; Paul et al, 2013). In 2007, the infant
mortality rate for African American infants was 13.2 per 1,000 compared with 5.6 per 1,000 for
whites, reinforcing previous research which has found that the risk of black infant death before
their first birthday is more than twice that compared to non- Hispanic white women (Matteson
et al., 1998; Ram, 2011; Fry-Johnson et. al, 2010). This disparity has been prevalent since 1970,
however, black infant mortality rates do seem to be decreasing (Hummer et al., 2013; Ram,
2011). Researchers using States as the unit of analysis have included the percent of African
American women represented in the population as a covariate, in both cases the higher the
percent of African Americans in the State, the worse child outcomes, higher infant mortality and
percentage of babies born at a low birth weight (Koenen et al., 2006; Shi & Macinko & Starfield
& Xu & Regan & Politzer, 2004). Racial segregation has also been found to contribute to infant
mortality (Hearst & Oakes & Johnson 2008; Kramer & Cooper & Drews-Botsch, 2010). It is
predicted that 80% of all African Americans live in predominantly black neighborhoods, located
four blocks away from areas of social deprivation. Isolation segregation explained up to 28% of
the black white disparities among very preterm birth disparities (Kramer et al., 2011). Hearst et
al. found contradicting results, suggesting that racial segregation did not significantly impact
infant health, whereas other studies have shown that when socioeconomic and other
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demographic variables are considered, disparities could be significantly reduced (Hearst et al.,
2008). This may be due to the fact that African Americans typically have lower incomes, higher
percentage of living in poverty, lower educational attainment and higher obesity rates (Sparks ,
2009; Ram et al., 2011; Malloy & Eschbach 2007; Hummer et al., 2013; Rosenbuerg & Garbers &
Chavkin & Chiasson, 2003; Halloran & Marshal & Kunvich & Caughey, 2012). Physicians are less
likely to participate in Medicaid in areas where nonwhite residents are racially segregated
(Hummer et al., 2013). The number of per capita primary care physicians were significantly
associated with lower birth weight and infant deaths (Shi et al., 2004; Matteson et al., 1998).

1.2.2 Education and Age
Infant mortality has been shown to decrease as educational attainment increases among all
ethnic groups (Hummer et al., 2013). Women with higher education levels may have been more
exposed to the importance of pregnancy behavior (Koenen et al., 2006; Hummer et al., 2013).
Women with low education levels were more likely to have infants who were born preterm, low
birth weight, died before the age of one, and died from SIDS (Olson & Diekema & Elliot & Renier,
2010; Malloy et al., 2007). Mothers who had not completed high school were found to have a
9% higher probability of having a low birth weight child than women who had achieve this
education level (Silvestrin & Homrich & Hirakata, 2013). Educated individuals also tended to
have better lifestyle choices, and fulfill preventative healthcare appointments (Hummer et al.,
2013). Age and education were often controlled for in research studies due to their correlation
with birth outcomes. Maternal age was believed to have a U shaped relationship when
associated with birth outcome. Mothers under the age of 20 were more likely to had adverse
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outcomes such as preterm births, low birth weight, preeclampsia, congenital anomalies and
infant death compared to their older counter parts (Sparks et al., 2009; Malloy et al., 2007;
Shrim et al., 2011). Young mothers under the age of 18 had a two fold increase of their infant
dying to SIDS (Malloy et al., 2007). Women who are between the ages of 20 and 34 had a
reduced chance for infant mortality. Mothers over the age of 34 are 36% more likely to have
their babies born preterm (Sparks et al., 2009). The increased risk in young maternal age may be
partially explained by educational attainment, behavior during pregnancy and the fact that
women under the age of 20 were less likely to be married (Matteson et al., 1998).
Being unmarried raises the probability of infant health problems. Marriage was thought to serve
as an indicator of adequate housing, nutrition and favorable SES position (Matteson et al.,
1998). Higher deaths among teen mothers may disappear after controlling for socioeconomic
variables (Matteson et al., 1998). The United States did not have a direct way to measure
socioeconomic status on birth certificates; therefore the ideal proxies of SES status within vital
statistics were education and age (Malloy et al., 2007).

1.2.3 Household income/ income inequality/Poverty
Education was a protective barrier not only among infant mortality and other negative birth
outcomes but also better opportunities for higher paying careers. It is important to note that
similar to the association between country GDP levels, household income was also associated
with birth outcomes. Median family income was negatively associated with infant mortality;
proportion of preterm births, very low birth weight, low birth weight and SIDS (Koenen et al.,
2006; Olson et al., 2010). High incomes can lead to living in locations that favor healthcare
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access, obtaining a healthy diet, having better employment and overall healthier lifestyles
(Hummer et al., 2013). The higher the income of the household, the lower the chances for
negative health effects. In addition States that had higher employment and earnings for women
were found to be protective against low birth weight babies, infant mortality and teen
pregnancy rates (Koenen et al., 2006). At the other end of the spectrum, poverty was a common
risk factor for poor population and infant health (Sparks et al., 2009).
Poverty can be calculated based on State definitions or national definitions. National poverty
levels were found to be significant predictors, but there was no significant conclusion that State
referenced poverty levels were correlated with infant mortality (Hillemeirer & Lynch & Harper &
Raghunathan & Kaplan 2003; Olson et al., 2010; Matteson et al., 1998; Rosenburg et al., 2003).
Some of the main causes of post neonatal death included infant infections, SIDS, unintentional
injury and factors associated with poverty (Shi et al., 2004). Negative maternal behaviors such as
increased prevalence of smoking and poor nutrition have been associated with areas of poverty
and may explain higher levels of infant mortality (Shi et al., 2004). Household earnings and
poverty prevalence are rarely distributed equally throughout a country, State, county or even
neighborhood.
In order to provide aid to women who have a low SES status, States offer Medicaid which covers
medical costs to those who qualify and do not have insurance. In 2010 Medicaid covered 48% of
all births and almost 60% of all births in southern States (Markus & Andres & West & Garro,
2013). Poverty levels to qualify for Medicaid are set by the State and range from 138% Idaho,
Louisiana, Oklahoma, South Dakota to 380% in Iowa (The Kaiser Foundation, 2014). Despite
State efforts there were still women who fell between eligibility levels and were unable to afford
health insurance yet their annual incomes were too high to qualify for Medicaid. In 2012 a study
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found that 19% of all women of reproductive age were uninsured and only 8% were eligible for
Medicaid (Dubay & Joyce & Kaestner & Kenney, 2001). Expansions in Medicaid did lead to
significant improvements in prenatal care utilization for women of low socioeconomic status
however the impact on infant health was limited (Dubay et al., 2001). Women on Medicaid were
more likely (24%) to smoke during pregnancy compared to women who had private insurance
(7%) (Dietz & England & Shapiro- Mendoza & Tong & Farr & Callaghan, 2010). In addition to
States setting eligibility thresholds for pregnant women, they also set the standards for the
types of services that would be covered.
As we previously mentioned the U.S. struggles with income inequality, or the distribution of
wealth, and income disparity has increased significantly in the United States over the last 40
years (Hearst et al., 2008). Income inequality was significantly associated with higher State levels
of low birth weight and remained that way when adding other socioeconomic variables, but lost
significance when primary care was added to the model (Shi et al., 2004). The use of the gini
coefficient to measure income inequality has had mixed results when evaluating its impact on
infant health along with teen pregnancy rates (Chung & Muntaner, 2006; Crosby & Holtgrave,
2006; Olson et al., 2010).

1.2.4 Obesity
A study conducted by Ronsenbuerg et al. found that the two heaviest groups of women were
more likely to be older, black, unmarried, have a high school degree or some college, smoke,
and consume alcohol or illicit drugs during pregnancy (Rosenbuerg et al., 2003). Obesity has
become a pandemic especially among women (Vaswani & Balachandran, 2013; Ruager-Martin &
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Hyde & Modi, 2010). Doherty et al stated that in 2006 it was estimated that 130 million adults
were overweight or obese, with one-third of them being women of child bearing age (Doherty &
Magann & Francis & Morrison & Newnham, 2006). This was particularly concerning because it
was well known that obesity was associated with an increased risk of heart disease, strokes,
cancer and diabetes (Doherty et al., 2006). Obesity in the United States was growing at a rate of
about 0.39% each year (Ruager-Martin et al., 2010). This growing problem combined with its
known health risks have made it a popular area for study in terms of infant health. Studies have
found that high BMI, classified as being overweight or obese, has been associated with a large
number of negative pregnancy complications including, hypertension, diabetes, preeclampsia,
hemorrhage, induction of labor, caesarean delivery, and increased prevalence of infants needing
to stay in the neonatal intensive care unit (Rosenbuerg et al., 2003; Doherty et al., 2006;
Vaswani et al., 2013; Ruager- Martin et al., 2010; Rowlands & Graves & De Jersey & McIntyre &
Callaway, 2010; Minsart & Buekens & De Spiegelaere & Englert, 2013; Chen & Feresu &
Fernandez & Rogan, 2009). In addition, birth outcomes ranging from birth trauma, preterm
birth, small for gestational age, low birth weight, congenital anomalies, neonatal mortality, and
even infant mortality have been reported among obese mothers (Rosenbuerg et al., 2003;
Doherty et al., 2006; Vaswani et al., 2013; Ruager- Martin et al., 2010; Rowlands et al., 2010;
Minsart et al., 2013; Chen et al., 2009). One study found that for every one increment of BMI the
risk of birth defects increased by 7% and the relative risk of death past 18 months was nearly
four times greater in infants born to obese mothers compared to thin mothers (Ruager-Martin
et al., 2010). The odds ratio for perinatal mortality was calculated to be 1.36 for obese mothers
compared to non-obese mothers (Minsart et al., 2013). The obesity trends may be helpful in
explaining some of the variation among U.S. blacks and whites in relationship to neonatal
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mortality. Rosenbuerg et al showed that in their study population, 70% of non-Hispanic Black
women ages 20-39 had body mass indexes over 25 (Rosenbuerg et al., 2003). It was also found
by Salihu et al that neonatal mortality and early neonatal mortality increased with high obesity
class, but mostly for black women. Offspring of obese white mothers had no elevated risk of
neonatal mortality regardless of maternal obesity subclass (Salihu & Alio & Wilson & Sharma &
Kirby, 2008). Obesity prevalence increased significantly in 8 States during 2003 to 2009 the
average annual rate of increase in pregnancy obesity prevalence ranged from 0.6 percentage
points per year in Missouri to 1.2 in Oklahoma (Fisher & Kim & Sharma & Rochat & Morrow,
2013). It is important to note that obesity tends to increase with age, therefore women who
delay childbirth should maintain healthy and active lifestyles to decrease adverse birth
outcomes.

1.2.5 Smoking
Mothers under the age of 18 are twice as likely as older mothers to smoke during pregnancy
(Dietz et al., 2010). White women were twice as likely to smoke cigarettes during pregnancy
then African American women and smoking prevalence dwindles as education attainment
increased (Dietz et al., 2010; Salihu et al., 2004; Hummer et al., 2013). Smoking remains one of
the most prevalent preventable causes of infant death today. Women who smoke were at
increased risks for having low birth weight infants, delivering preterm, perinatal mortality, SIDS
and infant mortality (Kabir & Connolly & Clancy, 2007; Dietz et al., 2010; Evans & Ringel, 1999;
Markowitz, 2008; Yang & Shoff & Noah & Black & Sparks, 2010; Salihu,2003). A study conducted
by Dietz et al. found smoking contributed to 5.3% of preterm births, 13-19% of lbw, 23.3-33.6%
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of SIDS and 5-7.3% of preterm related deaths and in 2002 alone 36.8% of infants who died of
SIDS had mothers who smoked (Dietz et al., 2010). These findings were similar to other studies
which found that mothers who smoked cigarettes had a 40% chance of infant death compared
to mothers who did not smoke (Salihu et al., 2003). This study also calculated that for every ten
cigarettes smoked per day while a woman was pregnant the chance of infant death increased by
4% (Salihu et al., 2003). In addition to the characteristics mentioned above, women with low
educational attainment, low income, late prenatal care, living in poverty and giving birth to a
second, third or more child, and being unmarried have increased smoking prevalence during
pregnancy (Dietz et al., 2010; Yang & Shoff, 2010). The best predictor of smoking during
pregnancy was the number of alcoholic drinks consumed (Dietz et al., 2010). Smoking was a
public health problem, and deemed especially harmful in pregnant women and mothers of
young children. State variations in cigarette consumption varied as does the cost of cigarettes
and cigarette regulations. Higher cigarette costs have been shown to decrease smoking
prevalence and negative birth outcomes (Evans & Ringle, 1999; Markowitz et al., 2008). Every
one dollar increase in retail price of cigarettes was associated with an average reduction of 7.68.3% of infant deaths caused by SIDS (Markowitz et al., 2008). In addition private workplace
restrictions on smoking that had separate ventilation or banned smoking reduced infant
mortality by 3.5 deaths on average (Markowitz et al., 2008).
It should be noted that many of the States that had high infant mortality rates also rated poorly
for population health by American Health Rankings. The American Health Rankings is the
longest running assessment of annual State population health. The American Health Rankings is
a partnership between United Health Foundation, American Public Health Association and
Partnership for Prevention (American Health Ranking, 2014). Each year States were ranked on
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behavior, community and environment, policy and clinical care factors. It is difficult to overlook
the fact that States that rank poorly in overall health also seem to have a high infant mortality
rate. This provides evidence that poor overall population health or States with highest
percentages of risk factors also had higher State infant mortality rates. The purpose in
conducting this research was to determine the amount of variation in infant mortality explained
by the socio-ecological model at the State level. We also predicted the following:
1. The socio-ecological model is applicable to investigate infant mortality rates at the State
level.
2. The best predictor variable for States with the highest infant mortality rates will
different than the best predictor variables for the States with the lowest infant mortality
rate.
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CHAPTER 2. METHODS
2.1 Framework
The ecological model is well known and provides a framework for analyzing the impact that
multiple factors can have on selected dependent variables. Individual social and economic
circumstances including status, medical care availability and resources are recognized as being
essential to health outcomes (Koenen et al., 2006). These factors also tended to vary at the State
level. This makes the socio-economic framework applicable due to the number of varying levels
of variables that influence infant deaths within the United States. Typically the framework has
five dimensions: public policy, institutional, community, interpersonal, and individual. Each of
the independent variables under investigation was assigned to one of these groups in order to
explain the amount of variance in State infant mortality rates explained at each dimension
represented in the socio-ecological model and can be seen in Figure 1.

2.1.1 Independent variables
Independent variables used to predict the level of variation among States in the U.S. were: 1)
State population size, 2) the percentage of the population that is African American, 3) percent
of the population with an educational attainment of 12 years, 4) income disparity- measured by
use of the gini coefficient, 5) the percent of children without health insurance,6) the percent of
children in poverty, 7) mean household income, 8) the amount spent of public health per capita,
9) the number of primary care physicians per 100,000 population, 10) percentage of population
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classified as obese 11) percentage of the population classified as smoking, 12) the percentage of
women of childbearing age classified as obese 13) the percentage of women of childbearing age
classified as smoking, 14) the rate of births for women under the age of 20, 15) birth rate for
women over the age of 40 and 16) the percentage of births to unmarried women. Variables
were obtained from multiple data bases and are described in Table 1. Data were obtained
through KIDS Count database, American Health Rankings, CDC Wonder and Peristat for the years
of 2008-2010 at the State level. State data for the amount of money spent on public health per
capita was extracted for the year 2002 instead of 2008-2010. This is because public health
funding often takes up to 8 years, peaking at ten years to see the impact it has on population
mortality. (Brown, T.T., 2013) The American Health Ranking database did not have data prior to
2002. Although data were available for 2003 and 2004 these years were too close in time for the
2008-2010 dependent variable data used in this investigation, and therefore would have led to
biased results. The data during 2008-2010 averaged at the State level to avoid bias for any year
that may have been inconsistent with expected rates. All States had the available data for all
independent variables with the exception of the District of Columbia which did not have
available data on income disparity and the amount spent on public health per capita.

2.1.2 Dependent variables
The dependent or outcome variables included in this study was State infant mortality rate.
Infant mortality rate was expressed as the number of deaths per 1,000 live births, and was
obtained through CDC Wonder for the years 2008, 2009 and 2010. The average death rates for
these years were calculated.

19

Table 1: Description of Independent and Dependent Variables
Variable

Source

Year

Format

2008-2010

Description
PUBLIC POLICY FACTORS
total population by child and Adult populations

log population size

Kidscount

Expenditures on
public health per
capita
Medicaid

American
Health
Ranking
Children
Health
Insurance
Program

2002

The dollars spent on public or population health per resident of the state.

number

2009

Percentage of Federal Poverty to qualify for pregnant women to qualify for
Medicaid

number

Percent of children
uninsured

American
Health
Ranking
American
Health
Ranking

2008-2010

Children who were not covered by health insurance at any point during the
year by age group.

percentage

2008-2010

Percentage of incoming ninth graders who graduate in 4 years from a high
school with a regular degree.

number

Kidscount

2008-2010

American
Health
Ranking
American
Health
Ranking
American
Health
Ranking
American
Health
Ranking
Kidscount

2008-2010

The percentage of persons younger than 18 years who live in households at or
below the poverty threshold.

percentage

2008-2010

percentage of the population estimated to be obese, with a body mass index
(BMI) of 30.0 or higher

percentage

2008-2010

Percentage of adults who are current smokers (self-report smoking at least 100
cigarettes in their lifetime and currently smoke

percentage

2008-2010

The amount of income that divides the income distribution into 2 equal groups.

number

2008-2010

number

American
Health
Ranking
American
Health
Ranking

2008-2010

Educational attainment for working age population 25-64 years old HS Degree
or higher
Also known as the Gini coefficient. A common measure of income inequality,
where 0 represents complete equality and 1 indicates complete inequality.
Number of primary care physicians (including general practice, family practice,
OB-GYN, pediatrics, and internal medicine) per 100,000 population.

number

percentage of infants
born to unmarried
women

CDC
Wonder

2008-2010

INTRAPERSONAL FACTORS
Infants born to unmarried mothers at the time of birth

percentage

Percentage of births
born to women
under 20
Percentage of birth
born to women over
40

Peristat

2008-2010

INDIVIDIAL FACTORS
percentage of live births born to women under the age of 20

percentage

Peristat

2008-2010

percent of live births born to women over the age of 40

percentage

Infant Mortality Rate

CDC
Wonder

2008-2010

OUTCOME VARIABLE
All causes of ICD-10 codes per 1000 live births

number

number

INSTITUTIONAL FACTORS

High school
graduation rate

Percentage of
population classified
as African American
Percent of children
in poverty
Percent of
population classified
as obese
Percent of
population that
smoke
Median household
income
Educational
attainment
Income Disparity

Number of primary
care physicians

2008-2010

COMMUNITY FACTORS
Adult population by race

percentage

number
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2.2 Statistical Analysis
Each variable was graphed as a histogram to determine the overall distribution. After
investigation of past research and histogram results, the log function was taken for population
size, and percent of population that was African American, and State infant mortality rate.
Scatter plot matrices were also constructed and correlations between independent variables
and outcome variables were presented. Results from scatter plot matrices showed a strong
relationship between total populations classified as obese, the percentage of women of
childbearing age, total population who smoked and women of childbearing age who smoked.
Population obesity and percentage who smoked had values very closely associated with women
of childbearing age who were obese and smoked. The percent of women of childbearing age
classified as obese and smoking were removed from the study due to the strong correlation.
Relationships among the independent variables were also measured by a Pearson correlation.
The mean, standard deviation and range of each variable was calculated. Results from the
Pearson correlation and descriptive information on independent variables can be seen in Table
2.
Five multiple regression models determined the variation of infant mortality rates between
States. In order to run model 1, a series of univariate regression analyses were conducted with
each of the sixteen independent variables against infant mortality rate to determine which
variables significantly impacted infant mortality. Variables that were shown to be significant
were included in model 1.
Model 2 included independent variables that fell within the Policy dimension of the socioecological model, a list of variables included in the Policy dimension is located in Figure 1 and
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Table 1. These variables included the federal poverty level for pregnant women qualified for
Medicaid, the total population, and the amount spent on public health per capita.
Model 3 analyzed independent variables that fell within the institution and community
dimension to determine their impact on State infant mortality rates. These variables included
the percentage of the population classified as African American, the educational attainment of
at least 12 years of schooling for those 25 years and older, high school graduation rate, the
number of primary care physicians per 100,000 population, median household income, the
percentage of children without health insurance and the percentage of children living in
poverty, the percent of population classified as obese, the percentage of population who smoke
and income disparity. The list of variables included within the institutional and community
dimension can be found in Table 1 and Figure 1.
Model 4 included independent variables at an individual and interpersonal level, the number of
births over the age of 40, the percentage of births to women under the age of 20 and the
percent of birth to unmarried women. The list of variables included within the institutional and
community dimension can be found in Table and Figure 1.
The fifth was designed to explain the total variance explained using variables from all levels of
the socio-ecological frame work. Model 5 included all sixteen variables regardless of individual
significance.
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All models determined the variation in infant mortality among all States by (1) significant
predictor variables, regardless of group, and (2) group of variables representing the dimensions
of the socio-ecological model. This however would not be enough to determine if variables and
groups differed in explaining infant mortality variation between low infant mortality rates and
high infant mortality rates. In order to answer the question two new variables were created.
The first variable was recoded to include the fifteen States with the lowest infant mortality rates
as 1 and the remaining 35 and District of Columbia as 0 and will be referred to as low State
rates. The second variable was with the highest infant mortality rates recoded as 1 and the
remaining again as 0 and will be referred to as high State rates. States which the lowest infant
mortality rates and States with the highest infant mortality rates can be seen in Table 3.

Table 3: States with the Highest and Lowest Infant Mortality Rates
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The fifth model was designed to explain the total variance explained using variables from all
levels of the socio-ecological frame work. Model 5 included all sixteen variables regardless of
individual significance.
Each of the six models was reanalyzed for low State rates and high State rates. It is important to
note that the outcome variable was not changed, and the difference relies in which units of
analysis are under investigation. To summarize, each of the five models were examined three
times. The first included all fifty States and District of Columbia as units of analysis, the second
included only States with the lowest infant mortality and the third used only States with the
highest infant mortality rates as the units of analysis. States and the variations included in each
model can be found in Tables 4-6.
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CHAPTER 3. RESULTS
3.1 All Fifty States and District of Columbia
The results for models 1-5 for all fifty States and the District of Columbia can be found in Table
4. Model 1 explained 70% of infant mortality variation (F <.001) among all fifty States and the
District of Columbia. Model 1 included 10 of the 16 variables; two were significant, percentage
of population classified as African American and educational attainment, with p values less than
.05. For every ten percent increase in the percentage of the population that was African
Americans, an increase of one percent in infant mortality was observed. Educational attainment
of at least 12 years for those 25 years and older actually showed an increase in infant mortality
by 12% for every percent increase, which conflicts with the expected relationship between
education and infant mortality.
When dimensions of the socio-ecological model were examined, model 3, institutional and
community variables explained 65% of variation. Model 4, individual and interpersonal variables
explained 51% of the variance and model 2, Policy variables were not statistically significant. The
percentage of births born to unmarried women remained statistically significant in model 4; for
every ten percent increase of births to unmarried women predicted an increase of five percent
in infant mortality.
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When all categories or dimensions of the socio-ecological model were run together in model 6,
the percent of explained variance increased to almost 74% but only the percentage of the
population that was African American remained statistically significant. The percentage of the
population that was classified as African American suggested a greater influence on infant
mortality than in model 1. If a State had 5% of their population classified as African American
and the infant mortality rate of 6 deaths per 1,000 births, increasing the percentage of
population classified as African Americans would predict an increase infant mortality to 6.06
deaths for every 1,000 births.

Table 4: Variables included and Amount of Variance Explained for Each Model for All Fifty States
and District of Columbia
All States abd District of Columbia
Model 1 Model 2 Model 3 Model 4 Model 5
Log population
X
X
Medicaid
X
X
income Disparity
X
X
X
Expenditures Public Health per capita
X
X
Primary care physicians per 100,000
X
X
Percentage of population African American
0.009119
0.00868
0.010157
Educational attainment
0.012064
X
X
High school graduation rate
X
X
X
Mean household income
X
X
Percent of children uninsured
X
X
Percent of children in poverty
X
X
X
Total population obesity
X
X
X
Total population smoking
X
X
X
Percent of birth to women under 20
X
X
X
Percent of births to women over 40
X
X
X
Percent of births to unmarried women
X
0.00519
X
Adjusted R2
70.28%
64.97% 50.96% 73.65%
NS
Prob > F
0
0
0
0
Note: Bolded number represents the exponent β coefficient significant at p value <.05
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3.2 Comparison between Lowest and Highest Fifteen States
Table 7 contains descriptive variables for the States with the lowest infant mortality rates
compared to the States with the highest infant mortality rates. The States with the lowest
fifteen infant mortality rates ranged from 4.23 deaths in New Hampshire to 5.49 deaths in New
Mexico per 1,000 live births. The range among all fifteen States was 5.07 deaths per 1,000 live
births. The fifteen States with the highest infant mortality rates ranged from 7.37 deaths per
1,000 births in South Dakota to 9.89 deaths in Mississippi, the mean value was 8.03 deaths per
1,000 births. It is important to note the geographical location of these States in the U.S. in Figure
2 which can be found in the appendix. Many of these States are located in the southern and
eastern portion of the US compared to the States with the lowest rates, which were located
more north and west of the U.S.
Educational attainment was lower among the States with the highest infant mortality at 71%,
compared to the States with the lowest infant mortality, 78%. Percentage of births from women
under the age of 20, total population classified as obese and total population who smoke were
also about 2 percent higher in these States. The amount of variation explained for all six models
using the lowest and highest States for units of analysis was not as great as when all fifty States
and the District of Columbia were included. States with the lowest infant mortality rates also
had lower percentages of State population classified as African American and a smaller
percentage of children in poverty. The mean rate for percentage of children in poverty was
21.7% compared to 15.2% in States with low infant mortality. The percentage of population
classified as African American was over 12% higher in States with the highest infant mortality
rates compared to States with the lowest infant mortality rates.
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All five models explained a larger percentage of variation of infant mortality among States with
the highest rates opposed to States with the lowest infant mortality rates. Figures 3-6, found in
the appendix show the correlation scatter plot of States with the lowest infant mortality rates
and those with the highest infant mortality rates in relation to selected independent variables.

3.3 Lowest Fifteen Infant Mortality States
Results of variation explained in models 1-5 for States with the lowest infant mortality rates can
be found in Table 5. Model 1, explained 31.33% of the variance (F < .01) and included seven out
of the sixteen variables. An additional ten percent of the population classified as African
Americans predicted a 4% increase in infant mortality, much higher than the rate found in all
fifty States and District of Columbia. For example, Idaho had an average of 5.3 infant deaths for
the years 2008-2010 and the percentage of the population classified as African American was
0.6%. If the percentage of the population classified as African American increased to 10.6% it
was predicted that the infant mortality rate would increase from 5.3 deaths to 5.5 deaths per
every 1,000 live births. The percent of the total population classified as obese was also
statistically significant. Every percent increase of the total population classified as obese
predicted nearly a ten percent rise in infant mortality. This means that if Minnesota’s
percentage of population obesity increased to 26.5 the predicted infant mortality rate would
increase from 5.0 to 5.5 deaths for every 1,000 deaths.
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Table 5: Variables included and Amount of Variance Explained for Each Model for States with the
Lowest Infant Mortality Rates
Model
Model
Model
Model
Model
States with Lowest Infant Mortality States
1
2
3
4
5
Log population
X
X
Medicaid
X
0.00401
income Disparity
X
X
Expenditures Public Health per capita
X
X
Primary care physicians per 100,000
X
X
Percentage of population African American
0.04321
0.05353
0.05835
Educational attainment
X
X
High school graduation rate
X
X
Mean household income
X
X
Percent of children uninsured
X
X
Percent of children in poverty
X
X
X
Total population obesity
0.09582
X
0.14452
Total population smoking
X
0.06356
X
Percent of birth to women under 20
X
X
X
Percent of births to women over 40
X
X
X
Percent of births to unmarried women
X
X
X
31.33%
27.31% 21.32% 31.43%
Adjusted R2
NS
0.0012
0.0094
0.0025 0 .0162
Prob > F
Note: Bolded number represents the exponent β coefficient significant at p value <.05

Model 2, policy variables, were not found to be significant. Model 3, institutional and
community variables predicted 27% of the variation among States with the lowest infant
mortality rates. The percentage of the population classified as African American remained
statistically significant along with the total percentage of the population that smoked. If the
percent of the population who smoke increased by 1 percent, it is predicted that infant
mortality rate would increase by 6 percent. Using Minnesota as an example, the one percent
increase in smoking predicts that infant mortality rate would be 5.3 deaths per 1,000 live births.
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Model 4, including interpersonal and individual variables, explained 21% of the variation among
States with low infant mortality rates. None of the variables remained statistically significant.
Model 5, including all sixteen variables, explained 31.4%. In addition to the percentage of the
population classified as African American, Medicaid eligible persons and women of childbearing
years classified as obese remained statistically significant. The total population classified as
obese predicted an even greater increase of infant mortality at 14.5%. This indicates that a one
percent rise in obesity at the State level could elevate infant mortality risk in Minnesota (5.03
per 1,000 births) to 5.76, if the State obesity rates rose from 25.5 to 26.5%. It should be noted
that model 1 and model 5 explained 31% of the variation, but the impact that population
obesity and the percentage of the population classified as African American had a larger impact
on predicting infant mortality. In addition the percentage of poverty that pregnant women must
be under to qualify for Medicaid was also statistically significant in model 5 but not model 1.

3.4 Highest Fifteen Infant Mortality States
Results for the level of variation explained in models 1-5 for States with the highest infant
mortality rates can been seen in Table 6. Model 1 included nine of the sixteen variables and
explained 41% of the variation among States with the highest infant mortality rates. The percent
of the population classified as African Americans remained significant in model 1 and predicted
approximately a 3% increase in infant mortality risk when the percentage of the population was
classified as African American increased by 10%. For example if the percentage of the
population of classified as African American for South Dakota increased from 5.3% to 15.3% we
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would expect to the infant mortality rate to increase from 7.37 deaths to 7.59 deaths per 1,000
births.
The Policy variables included in model 2 were not statistically significant. Institutional and
community variables in model 3 explained 47% of the variance among states with the highest
infant mortality rates. The percentage of children who were uninsured remained statistically
significant. If percentage of children uninsured increase from 5.3% to 6.3% in West Virginia we
would expect to see the infant mortality rate increase from 7.6 deaths to 7.98 deaths per 1,000
births.

Table 6: Variables included and Amount of Variance Explained for Each Model for States with the
Highest Infant Mortality Rates
Model
Model
Model
Model
Model
States with Highest Infant Mortality Rates
1
2
3
4
5
Log population
X
X
Medicaid
X
X
Expenditures Public Health per capita
X
X
Income Disparity
X
X
Primary care physicians per 100,000
X
X
Percentage of population African American
0.02769
X
X
Educational attainment
X
X
X
High school graduation rate
X
X
X
Mean household income
X
X
Percent of children uninsured
0.05408
0.06288
Percent of children in poverty
X
X
X
Total population obesity
X
X
X
Total population smoking
X
X
X
Percent of birth to women under 20
X
X
X
Percent of births to women over 40
X
X
X
Percent of births to unmarried women
X
0.02836
X
41.45%
NS
47.11%
36.17%
42.85%
Adjusted R2
0.0002
0.0001
0
0.0018
Prob > F
Note: Bolded number represents the exponent β coefficient significant at p value <.05
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Model 4, interpersonal and individual variables predicted 36% of the variation among States
with the highest infant mortality rates. The percentage of births to unmarried women remained
significant in model 4, predicting an increase of nearly 3% for every percent increase in births to
unmarried women
Model five was very similar to model one, both accounting for approximately 42% of the
variation. The percentage of children without insurance remained statistically significant and a
one percent increase predicted a 6% increase in infant mortality.
These results support the hypothesis that variables that remain significant and explain the
amount of variance in infant mortality differ between States with low and high infant mortality
rates. In addition institutional and community variables explained more variation than policy
and interpersonal and individual variables in all fifty states plus the District of Columbia, the
States with the lowest infant mortality and the States with the highest infant mortality rates.
Policy variables in model 2 were never statistically significant.
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CHAPTER 4: DISCUSSION
Infant mortality rate in the United States has been an important topic that governmental
agencies, non-profit organizations, and educational institutions have been researching for many
years. Currently the target goal for the national infant mortality rate is less than or equal to 6
deaths per 1,000 births. If all 50 states and District of Columbia achieved rates that are seen
within the lowest States, the national average would have already surpassed the goal by almost
17%. The fact that nearly 72% of infant mortality variation at the state level was explained
when all three categories of variables were included, providing evidence that infant mortality is
influenced on multiple levels. Interventions to reduce State rates must focus on each level of the
socio-ecological model to be successful.
In addition this study contributes to the knowledge that southern States struggle to reduce
infant mortality and with a higher percentage of their population African Americans tended to
have higher infant mortality rates (Koenen et al., 2006; Shi et al., 2004). The predicted value
among the States with low infant mortality was over 1.5 times higher than in States with high
rates of infant mortality. This could be due to the fact that the mean value in the percentage of
population classified as African Americans was 18.7 compared to 4.2%, indicating that States
above the 4% were more influenced by the percentage of African Americans present in the
population. The percentage of African Americans in a population is also being influenced by
other variables under investigation in this study. Past researched has also shown that African
Americans are statistically more likely to live in poverty, have lower levels of educated and are
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more likely to be classified as obese (Sparks , 2009; Ram et al., 2011; Malloy & Eschbach 2007;
Hummer et al., 2013; Rosenbuerg et al., 2003; Halloran et al., 2012). It is important to
remember that these variables were also directly correlated with infant mortality and therefore
explain the racial disparities seen between States.
Even if this increase occurred they would have still had an average of 6 less primary care
physicians per 100,000 than the average for low infant mortality States. The percent of
educational attainment would have to increase by 2.56% to match the top fifteen States, which
if successfully achieved would decrease infant mortality by 17.3%.
It is imperative to discuss that the percentage of total population obesity and smoking were not
found to be significant in States with higher infant mortality but were found to be statistically
significant in States with low infant mortality. This does not mean that the States with the
highest rates of infant mortality did not struggle with population obesity and smoking, but
rather refocuses attention toward policy, institutional and community variables.
Interventions focusing on public policy may influence the percentage of the population who
smoke. The negative effects of women smoking during pregnancy have been repeatedly
observed, but evidence has also shown that an increase in cigarette taxes decreases the
smoking participation rate in pregnant women while influencing the birth weight. Similarly,
interventions focused on lowering poverty rates and the percentage of children without
insurance and increasing educational attainment could result in not only lower infant deaths but
inversely influence population obesity. This is because people who live in poverty, do not have
insurance and are less educated do not have access to facilities that could improve their overall
health as well as reduce infant mortality. States with low infant mortality rates had an average

36
of 10 more primary care physicians for every 100,000 population. Access to primary care is
essential in terms of whether women will receive prenatal care.
Although the amount of funding allocated to public health per capita did not remain significant
in any of the eighteen models, the amount spent on public health was inversely related to the
percentage of births under the age of 20 and the percent of births to unmarried women. The
percent of births born to women under the age of 20 and the percentage of births born to
unmarried women was 4% and 10% higher in states with high infant mortality rates compared
to those with low infant mortality rates. It can be difficult to focus on spending more money on
public health due to the amount to time required to see the impact of the investment. A study
conducted by Brown, found that for every 10 dollar per capita increase in public health reduced
all-cause mortality by 9.1 deaths per 100,000 people (Brown, 2013). Research regarding public
health expenditures and overall population health was lacking and should be conducted to show
represent the improvements made through funding prevention incentives and their influence on
infant health.

37

CHAPTER 5. LIMITATIONS
The main limitation in this research study was in the use of general State data on infant
mortality and population characteristics. Results on State information must be carefully
interpreted as they may not accurately represent the entirety of the infant mortality occurrence
in a population. As previously mentioned there are many variables that influence infant
mortality, due to the nature of this study specific community, structural, interpersonal and
individual information was not able to be analyzed.
In addition, the use of State level data was not evenly distributed for every variable. It is
important to realize the other variables such as employment opportunities, maternal stress,
pollution, post-partum support and level of prenatal care can influence infant mortality rates.
However, due to the fact that each State has unique policies and procedures pertaining to infant
health, such as the type of information recorded on birth certificates, using States as the unit of
analysis also provided some benefits. For example, States did not adopt the 2003 revised birth
certificate in the same year, creating incomparable results for certain contaminating variables
such as smoking status. States also can vary on other variables recorded on birth certificates
such as the BMI before pregnancy.
Another limitation is the use of multiple disparate data sources to compile the data used in this
study. Unlike linked birth and death certificates, there was no singular database that recorded
all the State-related variables utilized in this study.
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CHAPTER 6. CONCLUSION
This study determined the amount of variance in State infant mortality rates attributable to
socio-ecological variables. The greatest amount of variation was explained when variables at all
levels of the socio-ecologic model were included. The relationship between institutions and
community characteristics were proven to be extremely important when determining the health
of a population and the infant mortality rate of a State.
Infant mortality rate was often used to gauge the level of health in a community, state and
nation. Based on these findings access to healthcare, disparities among the rich and poor, racial
disparities and population behavior also influence population health and infant mortality rates.
In June 2014 the Commonwealth Fund published an executive summary comparing the United
States’ health care system to ten other high income countries. The United States ranked last
overall and in the categories, Efficiency, Equity and Healthy Lives. The United States also ranked
9th in Access to Care because of cost and limited access to primary care physicians. This study
also found that many States have a low ratio of primary care physicians to population and States
with the smallest number of primary care physicians also were more likely to have higher infant
mortality rates. The range of health disparities observed at the State level may contribute to the
reason the United States ranked last in the category of Equity. States with the highest infant
mortality rates had higher rates of children in poverty by almost 7.5% and the percentage of the
population classified as African Americans was almost 15% (Davis & Stremikis & Squires &
Schoen, 2014). If the United States is to approach the level of infant health and population
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health as seen in other developed countries it is essential to lower health disparities and access
to care particularly among minority populations.
If infant mortality is going to continue to be used as an indicator of population health and
development, the United States must work on creating interventions using a socio-ecological
approach to reduce risk variables at all levels. Public policies which build stronger relationships
between all environments in which individuals spend significant amounts of time and the
restructuring of communities with poor access to healthcare while providing amenities for
healthy lives is the key to reducing infant mortality nationwide in the United States. Based on
these data, the Common Wealth Fund, and past studies suggest decreased infant mortality and
improved population health can be attained if attention is paid to the variables described in the
socio-ecological model.
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Figure 2: Geographic Location of Fifteen States with Lowest and Highest Infant Mortality
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